A promising approach in treating cocaine abuse is to metabolize cocaine in the blood using a mutated butyrylcholinesterase (BChE) that functions as a cocaine hydrolase (CocH). In rats, a helper-dependent adenoviral (hdAD) vector-mediated delivery of CocH abolished ongoing cocaine use and cocaine-primed reinstatement of drug-seeking for several months. This enzyme also metabolizes ghrelin, an effect that may be beneficial in maintaining healthy weights. The effect of a single hdAD-CocH vector injection was examined in rats on measures of anxiety, body weight, cocaine self-administration, and cocaine-induced locomotor activity. To examine anxiety, periadolescent rats were tested in an elevated-plus maze. Weight gain was then examined under four rodent diets. Ten months after CocH-injection, adult rats were trained to self-administer cocaine intravenously and, subsequently, cocaine-induced locomotion was tested. Viral gene transfer produced sustained plasma levels of CocH for over 13 months of testing. CocH-treated rats did not differ from controls in measures of anxiety, and only showed a transient reduction in weight gain during the first 3 weeks postinjection. However, CocH-treated rats were insensitive to cocaine. At 10 months postinjection, none of the CocH-treated rats initiated cocaine self-administration, unlike 90% of the control rats. At 13 months postinjection, CocH-treated rats showed no cocaineinduced locomotion, whereas control rats showed a dosedependent enhancement of locomotion. CocH vector produced a long-term blockade of the rewarding and behavioral effects of cocaine in rats, emphasizing its role as a promising therapeutic intervention in cocaine abuse.
Introduction
Over 1.5 million people in the United States habitually use cocaine (SAMHSA, 2014) , but there are no effective treatments for those trying to break the habit (Somoza et al., 2013) . This leads to a prolonged cycle of abuse, treatment, and relapse (e.g., Griffin et al., 1989; Vonmoos et al., 2013) . Neurologic decrements from long-term cocaine intake may persist a year beyond cessation of use (review by Hanlon et al., 2013) . These can include impaired attention, working memory, and executive function (Vonmoos et al., 2013 (Vonmoos et al., , 2014 , possibly owing to decreased frontal lobe activity (Volkow et al., 1992; Connolly et al., 2012) . Thus, preventing the development of cocaine abuse in vulnerable populations and promoting abstinence in current users is an important public health goal.
One promising therapy for cocaine addiction involves the natural cocaine-hydrolyzing activity of butyrylcholinesterase (BChE; Inaba et al., 1978) , a key to cocaine metabolism. Early work demonstrated that administration of BChE could slightly reduce the physiologic and behavioral effects of cocaine (see review by Gorelick, 1997) . More recently, collective efforts to mutate BChE into an efficient cocaine hydrolase (CocH) progressively raised its catalytic efficiency by up to 4400-fold (Sun et al., 2001 (Sun et al., , 2002a Pan et al., 2005; Gao and Brimijoin, 2006; Zheng et al., 2008 Zheng et al., , 2014 Xue et al., 2013) . A near-optimal enzyme rescued rats from a lethal 100 mg/kg injection of cocaine and blocked cocaine-primed reinstatement, a model of relapse into cocaine-seeking behavior (Brimijoin et al., 2008) . Later CocH significantly reduced progressive-ratio responding (i.e., motivation) for intravenous cocaine self-administration (Carroll et al., 2011) , suggesting that CocH substantially dampened its reinforcing effects.
The therapeutic potential of CocH for treating cocaine abuse increased further when CocH cDNA was incorporated into a helper-dependent adenoviral gene transfer vector (hdAD; Parks et al., 1996) . This vector localizes in liver tissue, where its payload cDNA drives hepatocytes to synthesize and release CocH into the blood stream at high levels for long intervals. CocH vector-treated rodents showed enhanced cocaine metabolism for several months Brimijoin, 2004, 2006) to 2 years (Geng et al., 2013) . In preclinical models of drug abuse, CocH-treated rats displayed no locomotor response to stimulatory doses of cocaine 30 days postinjection . In another study, CocHtreated rats failed to resume cocaine seeking during 6-monthly probes examining cocaine-primed reinstatement . Recently, Zlebnik et al. (2014) showed that high-dose CocH vector even extinguished ongoing cocaine self-administration for several months, and cocaine-seeking only reappeared when the CocH enzyme was blocked by a long-lived inhibitor, iso-OMPA. Altogether these findings suggest that CocH vector might blunt ongoing cocaine use and block relapse after cessation of cocaine use in high-risk individuals.
One purpose of our study was to examine the hypothesis that CocH vector would reduce the initiation of intravenous cocaine self-administration in rats, even when tested long after treatment. Chen et al. (2015) recently found that elevated levels of native BChE or CocH also reduced aggression in mice, tracing such an effect to enzyme-driven inactivation of plasma ghrelin. This peptide hormone is better known for its role in hunger and feeding (Kojima et al., 1999) , but it also plays a role in stress and anxiety (Carlini et al., 2002) . Therefore, our second purpose was to test the hypothesis that CocH vector treatment, by affecting ghrelin, would lower anxiety in an elevated-plus maze, and/or reduce food intake and weight gain in rats exposed to diets differing in palatability and macronutrient content.
Methods Animals
Twenty-four male Wistar rats (Harlan Laboratories Inc., Indianapolis, IN) weighing ∼200 g (52 days old) served as subjects. Rats were initially housed in rooms maintained at 24°C (40-50% humidity) under a 12/12-hour light/dark cycle (lights on at 0600) in polycarbonate cages with ad libitum access to water and various types of chow (see Dietary Manipulation later). Later, during cocaine self-administration, rats lived in their operant-conditioning chambers and were food-restricted to 85% of their free-feeding weight to facilitate drug-taking (see Carroll et al., 1979) . After self-administration testing, rats were returned to polycarbonate tubs with ad lib access to water and chow (Harlan Teklad 2018; Harlan Laboratories Inc., Madison, WI). The experimental protocol complied with the Guide for the Care and Use of Animals (National Research Council, 2011) and was approved by the University of Minnesota Institutional Animal Care and Use Committee.
Apparatus
Elevated-Plus Maze. The elevated-plus maze, of compressed plastic board (3/4" floor and 1/2" walls), rested on legs 50 cm above the floor. All four maze arms were 10 cm wide by 50 cm long and intersected at 90°angles in a 10 cm-by-10 cm central square. Drug Self-Administration Chambers. Drug self-administration occurred in custom-built eight-sided operant-conditioning chambers equipped with response levers, stimulus lights, and a drug pump that were all configured as previously described by Zlebnik et al. (2014) . A computer running MED-PC IV (v. 4.3) collected data.
Locomotor Activity Chamber. The locomotor activity chamber consisted of a circular track with an inner diameter of 35.6 cm and an outer diameter of 59.6 cm (Model ENV-580; Med Associates). Four infrared sensors were mounted 5 cm above the floor, spaced evenly at one-quarter-turn intervals around the track. Beam breaks were recorded with Med-PC IV software (v. 4.1). Other details were as previously reported .
Viral Vector Encoding CocH
On postnatal day 62, twelve rats received a single tail-vein injection of hdAD vector (10 12 particles) containing cDNA for CocH, a human butyrylcholinesterase mutated for cocaine hydrolysis (Zheng et al., 2008) under regulation by a human ApoE hepatic control region with a bovine growth hormone polyadenylation sequence. The CocH vector dose (10 12 particles) was the highest employed in rats and it was selected on the basis of previous work (Zlebnik et al., 2014) showing that it blunted ongoing cocaine self-administration, unlike a lower dose (10 11 particles). This high dose was also expected to produce a therapeutic range of CocH plasma levels after a year, some levels sufficient enough to block acquisition of intravenous cocaine selfadministration, thus allowing an examination of the dose-response effects when apparent.
To facilitate transduction, all rats (including controls) were mildly immunosuppressed with dexamethasone (10 mg/kg, i.p.) 15 and 2 hours before vector injection, and again at (5 mg/kg, i.p.) 24 hours after the vector injection. Twelve control rats were treated likewise with the same volume of saline instead of vector.
Blood Collection and Measurement of Plasma CocH Activity
Blood draws were taken for long-term assessment of CocH and ghrelin levels at critical points (postinjection weeks: 1, 6, 8, 25, 44, and 58) spaced long enough to avoid loss of tail vein patency after repeated blood draws. For this process, rats were restrained in a polycarbonate tube and tails were cleaned in warm water. A 23-gauge butterfly syringe-mounted needle was inserted into a lateral tail vein approximately one-third the distance from the tip, and 0.2 ml of blood was drawn. Collected blood was centrifuged for 15 minutes (8000 g) in serum-separation tubes (Becton, Dickinson and Company, Franklin Lakes, NJ) and frozen before analysis of enzyme levels as previously described (Brimijoin et al., 2002) . The initial concentration of cocaine was 1.6 mg cocaine-HCl per milliliter of saline, and each cocaine infusion was a standard 0.4-mg/kg dose. In previous studies using the CocH vector, this dose was consistently selfadministered by rats, and cocaine self-administration was reduced after vector injection (Zlebnik et al., 2014) . The infusion length was determined on the basis of the weight of the rat (1 s/100 g, adjusted weekly) with an infusion rate of 0.025 ml/s. Cocaine injections to assess drug-induced locomotor activity were delivered at 2.5 ml/kg.
Jugular Catheterization Surgery
Ten months after injection, vector-treated (n 5 10) and control rats (n 5 12) were implanted with a chronic indwelling silastic catheter (15-cm long; Plastics One, Roanoke, VA) and then fit with an infusion harness following methods previously described (Zlebnik et al., 2014) . After surgery, rats recovered for 3 days in the operant chamber and received antibiotics (enrofloxacin, 10 mg/kg, i.v.) and analgesics (buprenorphine, 0.05 mg/kg, s.c.; ibuprofen, 15 mg/kg, per os).
Catheter patency was maintained with a daily flush (0.1 ml, i.v.) of heparinized saline (20 United States Pharmacopeia) units of heparin/ml saline]. Rats were weighed and tested for patency weekly by transcatheter infusion of 0.1 ml of ketamine (60 mg/ml) and midazolam (3 mg/ml) in saline. If the righting reflex was not inhibited within 10 seconds, then patency was considered lost and a new catheter was implanted in the left jugular using the aforementioned methods.
Elevated-Plus Maze
Control (N 5 12) and vector-treated (N 5 11) rats were placed in the center of the elevated-plus maze and allowed 10 minutes to explore under video observation. Between each test session, the maze was cleaned with 70% EtOH and allowed to dry before the next rat entered. Rats were tested weekly on the same day and time (∼1100 hours) for 5 weeks, starting 2 weeks after injection. Percentage time spent in the open-arm and the number of open-arm entries was recorded after each run.
Dietary Manipulation
From postinjection weeks 0 to 22, control (N 5 12) and vectortreated (N 5 11) rats enjoyed free access to water and four successive chow diets: 1) standard rodent chow (weeks 0-9; Teklad 2018), 2) a high-fat diet (weeks 10-13, D12492; Research Diets Inc., New Brunswick, NJ,), 3) a high-fat 1 high-carbohydrate diet (weeks 14-18, D12451; Research Diets), and 4) the high-fat 1 highcarbohydrate diet plus 10% high-fructose corn syrup (w/v) in addition to water (weeks 19-21). Each week, the rats were weighed and food and water consumption was measured. Weight gain and food consumed on the different diets were compared across groups using the daily average consumption for each diet. At week 22, rats returned to a standard diet (Teklad 2018) with free access to water.
Acquisition of Cocaine Self-Administration
Cocaine self-administration sessions lasted 6 hours (starting at 0900), during which a response on the active lever produced a cocaine infusion 0.4 mg/kg, i.v., on an fixed-ratio 1 schedule. Drug delivery was accompanied by illumination of the stimulus lights above the active lever, followed by a 20-second timeout, after which responding had no consequences. A response on the inactive lever illuminated stimulus lights above it for the same length of time as the active lever, but with no other consequence. During training, rats received ground food on the active lever and three noncontingent cocaine infusions every 2 hours (nine infusions per day). This continued until 15 infusions were earned for two consecutive sessions (maximum 5 40 infusions per session). After discontinuation of food primes and noncontingent infusions, a rat that earned $35 cocaine infusions in thee separate sessions met the acquisition criteria and was transitioned into the maintenance phase. In this phase, the upper limit on earned infusions was removed, and the rat was allowed to selfadminister cocaine until it completed at least five sessions with .55 infusions. Control (n 5 10) and CocH-treated (n 5 6) rats were given up to 21 days of training to reach acquisition criteria (some attrition owing to patency and health issues). The main dependent measure was the number of sessions needed to meet cocaine acquisition criteria. The number of active and inactive lever responses were also recorded, as well as the number of earned infusions throughout training, acquisition, and maintenance.
Cocaine-Induced Locomotor Activity
Locomotor activity in control (n 5 10) and vector-treated (n 5 6) rats was quantified by the approximate distance traveled, determined by the number of quarter-turns completed in a circular track (a distance of ∼37.4 cm/turn) during daily 30-minute sessions. An initial acclimation session was conducted to reduce exploratory behavior produced by the testing chamber's novelty. In subsequent sessions, rats were given equivalent volumes of saline or cocaine (5, 10, and 20 mg/kg, i.p., counterbalanced) 15 minutes prior to the locomotor session.
Data Analysis
For the elevated-plus maze, between-group differences in open-arm entries or percentage of time spent in the open arms across the five sessions were assessed using a two-way analysis of variance (ANOVA) (group X exposure-week). Between-group differences in weight gain and chow consumption across the four different diets was assessed identically. Between-group differences in acquiring cocaine selfadministration across training sessions were assessed with a Mantel-Cox log-rank test. Between-group differences in cocaine infusions during self-administration training were assessed by twoway ANOVA across the first six sessions when all subjects were still in the training phase. Differences in locomotor activity across cocaine doses were assessed by two-way ANOVA (vector treatment X cocaine dose). If main effects were observed in an ANOVA, a Sidák post hoc analysis was used to test for significant differences across levels of factors (p , 0.05).
Results
Elevated-Plus Maze. CocH-treated rats did not differ significantly in anxiety-like behavior in the elevated plusmaze compared with control rats. Across five test sessions, no consistent between-group differences emerged in open-arm entries or in the percentage of time spent in the open arm (data not shown).
Dietary Manipulations. Body weights across the first 10 weeks after CocH-vector injection were analyzed using a two-way mixed-model ANOVA, which showed a significant main effect of CocH treatment (F 1,21 5 10.13, p , .01), postinjection week (F 9,189 5 712.9, p , .001), and a treatment X week interaction (F 9,189 5 17.97, p , .001). A Sidák post hoc analysis indicated that CocH-treated rats weighed significantly less than controls during weeks 0 thru 3 (Fig. 1) . Indeed, a two-way mixed-model ANOVA reported a significant interaction of standard chow consumed X postinjection week block (F 2,42 5 10.63, p , .001). A post hoc analysis showed Fig. 1 . Mean (6S.E.M.) weight (g) of control (n = 12) and vector-treated rats (n = 11) across post-vector injection weeks. Rats were given free access to water and various diets: standard, high fat, and high fat plus high carbohydrate sometimes supplemented with 10% HFCS in water (*p , 0.05). See Materials and Methods for details.
Long-Term Blockade of Cocaine
CocH-treated rats consumed less chow during the 0-2 weeks block (Table 1 ). In general, these findings indicate initially less chow consumption and slower weight gain in the CocH vectortreated rats, which gradually regained control levels by week 4. No significant between-group differences in body weight and food or water consumption reappeared during the three subsequent diet conditions [high fat, high fat 1 carb, high fat 1 carb 1 10% high-fructose corn syrup (HFCS)], except for CocH rats consuming significantly less water during the High fat 1 carb condition [weeks 14-17) t(21) 5 2.149, p , .05]. Control and vector-treated rats weighed the same on average at week 10 and gained weight at the same rate, regardless of diet. Furthermore, across the subsequent dietary manipulations, both groups of rats consumed similar amounts of kilocalories, chow, and 10% high-fructose corn syrup (Table 1) .
Cocaine Self-Administration. Figure 2 compares control and CocH-treated rats on intravenous cocaine self-administration at 10 months postinjection. (A) shows the percentage of rats reaching acquisition criteria within the 21 training sessions. None of the six CocH-treated rats that completed all training sessions met the acquisition criteria. In contrast, nine out of ten controls met the acquisition criteria. The difference between these groups was significant according to MantelCox log-rank test [x 2 (1, 16) 5 11.39, p , 0.001]. Figure 2B displays mean self-administered infusions of cocaine in control and CocH rats across the 21 training sessions (numbers above the symbols indicate reductions in group size from rats meeting criteria to move into maintenance). CocH-treated rats earned consistently fewer infusions across the training sessions than did controls, which showed a rising trend of cocaine self-administration during the same time. Across the first six sessions, controls earned significantly more cocaine infusions than did CocH rats according to a two-way ANOVA (treatment X training session), and this revealed a main effect of treatment (F 1, 84 5 14.98, p , 0.001).
To determine whether rat age affected cocaine selfadministration, cocaine self-administration by controls was compared with rats of equivalent ages under similar conditions in our laboratory (Roth and Carroll 2004) . Figure 3 shows the dose of cocaine infused in the first five maintenance sessions by control rats (n 5 8) and by the rats (n 5 7) from a previous study by Roth and Carroll (2004) responding under similar conditions (6-hour sessions and 0.5 mg/kg i.v. infusion of cocaine). The pattern and amount of cocaine self-administered were not significantly different, indicating that the control rats behaved in a pattern typical for this cocaine dose and this rat strain in our laboratory.
Cocaine-Induced Locomotor Activity. Figure 4 shows differences in cocaine-induced locomotor activity in control rats and CocH-treated rats 13 months post-vector injection. The latter traveled no further after doses of cocaine (5, 10, and 20 mg/kg) than after saline. In contrast, the control rats showed a clear, dose-dependent increase in locomotion. A twoway ANOVA on distance traveled revealed a significant main effect of CocH treatment (F 1, 13 5 14.35, p , 0.01), cocaine dose (F 3, 39 5 3.34, p , 0.05), and a treatment-by-dose interaction (F 3, 39 5 4.49, p , 0.01). Post hoc testing of the controls found a significant increase in distance traveled after cocaine doses of 10 (p , 0.05) and 20 mg/kg (p , 0.001) compared with saline. The test also revealed significantly greater absolute locomotor activity in controls at the 10 and 20 mg/kg doses compared with CocH rats (p , 0.01). Measured Levels of CocH Activity. Figure 5 shows CocH enzyme plasma levels in the vector-treated rats at many times between weeks 1 and 58 after the single hdAD-CocH vector injection. At week 1, there was a wide-range of individual differences in CocH activity. Higher and more consistent levels of enzyme activity were observed by 2 months postinjection. These enzyme levels were followed by a gradual decrease across the remaining 11 months.
Discussion
Administration of a CocH vector served as a long-term preventive treatment of the rewarding and behavioral effects of cocaine, but it did not alter measures of anxiety. Initially, CocH also affected feeding behavior and reduced weight gain, but this did not persist after the first three weeks ( Fig. 1 and Table 1 ). There is good reason to suspect that this transient effect reflected the human-enzyme basis of the CocH version used in these studies. In previous rodent studies, this enzyme has elicited an immune response that faded after a week and persisted as a low-grade immune reaction (Brimijoin, unpublished data) . Therefore, the weight effect does not necessarily reflect BChE-driven reduction of plasma ghrelin levels. A further reason for this conclusion is that others have observed surprising disconnections between background ghrelin levels and feeding behavior. In particular, Lockridge and collaborators (Li et al., 2008) found that BChE knockout mice, with higher than normal plasma ghrelin and a propensity for obesity on fatty diets, consumed no more food than the wild-type controls.
The effects of CocH on cocaine-driven behaviors were stronger and more consistent. In contrast to controls, rats given a single hdAD-CocH vector injection (10 12 viral particles) did not acquire intravenous cocaine self-administration at 10 months postinjection (Fig. 2) , and they did not show cocaine-enhanced locomotor activity 13 months postinjection (Fig. 4) . Senescence was not a cause of the failure to acquire cocaine self-administration, as the cocaine dose infused by controls in the present data is similar to that for rats of the same age in a previous study in our laboratory (Roth and Carroll, 2004, data in Fig. 3 ). Our findings indicate that a single CocH vector treatment at the present dosage produced a robust enzyme expression that was sustained at levels that blocked cocaine effects for over a year (Fig. 5) . The long-term efficacy of this CocH-vector treatment has broad implications for the prevention of cocaine abuse.
The present study complements previous work from our laboratory demonstrating that CocH vector blocks reinstatement of cocaine-seeking behavior and even blunts ongoing intravenous cocaine self-administration (Zlebnik et al., 2014) . The findings confirm work showing that exogenously administered CocH reduces the physiologic and reinforcing effects of cocaine (e.g., Brimijoin et al., 2008; Carroll et al., 2011) . These behavioral effects are achieved by the drastic reduction in the amount of cocaine reaching the brain as a result of CocH activity (Sun et al., 2002a) . This has important implications for changing the development and escalation of adverse neuropsychological disorders resulting from chronic cocaine use (VonMoos et al., 2014) . In the future, a safe and effective CocH vector therapy might not merely facilitate cocaine abstinence but also serve as a longterm preventive treatment of cocaine abuse in vulnerable populations.
The plasma level of CocH needed to block acquisition of cocaine self-administration appears to be much lower than what is necessary to block ongoing cocaine use. For example, Zlebnik et al. (2014) reported that a low CocH vector dose (10 11 viral particles) produced CocH enzyme levels (0.7 IU/ml) that were insufficient to block the effect of cocaine and led to rats surmounting the enzymatic activity by doubling the amount of cocaine they self-administered. However, when a separate group was given a higher vector dose (10 12 viral Fig. 3 . Mean (6S.E.M.) dose of cocaine (mg/kg, i.v.) self-administered during the initial five 6-hour maintenance sessions for the control rats (n = 8) compared with a comparison control group (n = 7) of rats from a previous publication (Roth and Carroll, 2004) . Long-Term Blockade of Cocaine particles), cocaine-maintained responding escalated sharply at first but was then extinguished across 14 days as plasma CocH levels increased to 23.2 IU/ml. To verify the role of CocH activity, Zlebnik et al. (2014) blocked its enzymatic activity with iso-OMPA, and cocaine self-administration resumed.
Here we add to those findings by showing that even at relatively low plasma levels (∼1.67 IU/ml), CocH activity sufficed to block acquisition of cocaine self-administration (Fig. 2) . Thus, in naive subjects, low levels of CocH prevented initiation of cocaine use. The prevention of cocaine-induced locomotor activity in the CocH-treated rats (Fig. 4 ) was somewhat consistent with Carroll et al. (2012) . In that study, rats given a smaller dose of the hdAD-CocH vector (10 11 viral particles) showed no cocaine-induced (15 m/kg, i.p.) increase in locomotor activity 1 month postinjection. However, Carroll and colleagues (2012) also reported that a separate group of rats treated with the same vector dose showed sensitization to the locomotorenhancing effects of cocaine following repeated cocaine injections (10 mg/kg; 8 total). A likely explanation for the discrepancy is that CocH-treated rats produced CocH plasma levels (∼1.3 IU/ml) that were about one-third of those in the present study at 13 months (∼3.9 IU/ml).
The 13-month durability of CocH expression in our rats (Fig.  5) complements results of Geng et al. (2013) , who reported that mice maintained substantial plasma levels of CocH for 2 years or more. The present results also concur with Zlebnik et al. (2014) , who used the same form and dose (10 12 particles) of vector and reported CocH enzyme expression levels across 10 weeks postinjection that were similar to the present study. In addition, we examined changes in weight under several different diets and observed only early differences in weight gain (e.g., postinjection weeks 0-3; Fig. 1 and Table 1 ) and consumption across a 21-week period. Hence, the vector was well tolerated. Collectively, these findings support the longterm safety and efficacy of the CocH vector as a selective anticocaine therapy.
A common concern with treatments that target a specific class of drugs (e.g., methadone for opioid abuse) is that individuals will switch to other drugs of abuse such as amphetamines (Tiihonen, et al., 2012) . CocH vector treatment would be vulnerable to this issue. Anker et al. (2012) demonstrated that the CocH vector blocked reinstatement of cocaine-seeking in rats given priming doses of cocaine, but it did not prevent reinstatement primed by methamphetamine. Thus, like other therapies for polydrug abusers, the best treatment would be a combination of efficacious pharmacological and behavioral measures aimed at pre-existing drug abuse vulnerabilities (Stoops and Rush, 2014) . In the future, the efficacy of the present viral vector-delivered treatment could serve as a prototype for the development of novel longterm interventions against an array of abused drugs.
In summary, rats treated once with a CocH vector failed to acquire cocaine self-administration when tested 10 months later (Fig. 2) . Furthermore, at 13 months the CocH-treated rats did not display changes in cocaine-induced locomotor activity, unlike control rats (Fig. 4) . At the present levels, the CocH vector did not substantially alter chow intake or weight gain across a 21-week period. Treatment with CocH also did not affect measures of anxiety in an elevated-plus maze. These findings indicate that the CocH-vector treatment served as a safe and effective long-term intervention to prevent initiation of cocaine self-administration. An advantage of this approach is that a single injection blocked cocaine effects for over a year, lending strong support for CocH vector as a targeted gene therapy for cocaine abuse, by itself or in combination with other established treatments. This model may also inform the development of related viral vector-delivered interventions for other forms of substance abuse.
